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Coordinatively  unsaturated  metals  are  important  chemical  species  with  a 
variety  of  interesting  and  unique  chemical  properties.  These  species  have 
been  shown  to  be  exceedingly  reactive.  They  are  important  catalysts,  reac¬ 
tion  intermediates  and  can  form  oligomers  and  metal  clusters  containing 
multiple  metal  centers.  Despite  their  importance  and  the  interest  in  this 
area,  little  is  known  regarding  details  of  the  structure  or  reactivity  of 
coordinatively  unsaturated  metals.  Their  extreme  reactivity  has  heretofore 
been  an  impediment  to  detailed  study  of  these  species  in  the  liquid  phase  and 
has  virtually  precluded  study  in  the  gas  phase.  Until  recently  nothing  was 
known  about  the  mechanism  or  kinetics  for  reactions  or  cluster  formation  in 
these  systems. 

In  an  effort  to  alter  that  situation  we  have  developed  an  apparatus  and  a 
technique  which  allows  us  to  study  coordinatively  unsaturated  metals  in 
either  phase  in  real  time.  The  use  of  transient  absorption  spectroscopy  has 
allowed  us  to  detect  and  monitor  coordinatively  unsaturated  metals.  Briefly, 
the  coordinatively  unsaturated  metals  are  generated  via  excimer  laser  photo¬ 
lysis  of  appropriate  precursors.  Most  of  our  work  to  date  has  involved  vola¬ 
tile  metal  carbonyls  which  are  photolyzed  to  yield  gas  phase  coordinatively 
unsaturated  metal  carbonyls  or  metal  atoms.  In  its  present  form,  the  appara¬ 


tus  employs  a  line  tunable  CO  laser,  as  a  probe,  to  monitor  the  change  in 
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absorption  of  the  sample  following  the  excimer  laser  photolysis  pulse.  This 
process  is  repeated  for  different  laser  frequencies  with  the  time  versus 
absorbance  signal  digitized  via  a  transient  digitizer  which  feeds  the  data  to 
a  signal  averager  from  which  it  is  fed  to  a  computer.  The  computer  takes  all 
the  frequency  dependent  data  and  assembles  it  into  a  transient  absorption 
spectrum  which  can  be  displayed  as  a  function  of  time  following  the  photo¬ 
lysis  pulse.  Once  features  in  the  transient  absorption  spectrum  are  iden¬ 
tified,  a  specific  feature  can  be  monitored  as  a  function  of  time  and  its 
kinetic  behavior  discerned.  Our  current  apparatus  has  a  time  response  of 
30  nsec  and  a  typical  detection  sensitivity  corresponding  to  107  coordina- 
tively  unsaturated  metal  carbonyl  molecules. 

With  the  above  technique,  we  have  been  able  to  obtain  the  first  gas  phase 
infrared  spectrum  of  a  coordi natively  unsaturated  metal.1  We  have  obtained 
infrared  spectra  in  the  CO  stretch  region  for  the  species  Fe(C0)x  (x  ■  2,3,4) 
and  have  measured  the  rate  of  reaction  of  Fe(C0)x  with  CO  and  the  activation 
energies  for  these  reactions. ^  We  have  made  the  first  real  time  observation 
of  and  are  measuring  the  kinetics  for  clustering  of  Fe(C0)x  species.-1  We  are 
also  investigating  the  inhibition  of  clustering  on  addition  of  other  ligands 
to  the  system.  We  have  performed  similar  studies  for  the  Cr(C0)g  system, 
looking  at  spectra  for  Cr(C0)x  (x  *  2, 3, 4, 5)  and  have  measured  rates  of  reac¬ 
tions  of  Cr(C0)5  with  CO,  CH^,  N2 ,  H2  and  C^Hg.^  We  have  also  observed  a 
heretofore  unreported  clustering  process  in  the  Cr(C0)x  system  and  are 
investigating  details  of  the  mechanism  for  this  process.  We  have  begun  work 
on  the  Mn2(C0)}Q  system  with  the  objective  of  measuring  product  distributions 
following  photolysis  at  193,  249  and  351  cm-1.^  The  rate  of  reaction  of 


ligands  with  the  photo fragments  will  be  measured  as  will  the  rate  for  refor¬ 
mation  of  Mn2(C0)iQ  from  two  Mn(C0)5  fragments.  This  latter  measurement  will 
be  the  first  measurement  for  the  rate  of  formation  of  a  metal-metal  bond  in 


the  gas  phase. 
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